The similarity between the molar absorptivities of these two forms comes from the fact that the reduced iron is not part of the chromophoric group (tyrosinate-Fe III ). 3 Resonance Raman (RR) spectroscopy is a powerful tool in the investigation of molecular electronic excited states, since it allows the determination of the chromophoric group responsible for the electronic transition. In this way, electronic structure details can be accessed through this technique. It is worth to mention that it has been employed to investigate the nature of electronic transitions in a large range of systems, such as 1659 Gonçalves et al. Vol. 17, No. 8, 2006 inorganic coordination compounds, 5 metal-containing proteins [6] [7] [8] and their biomimetic analogues. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] PAP's and related systems have also been studied by this technique, [19] [20] [21] [22] [23] [24] [25] aiming to characterize the chromophoric moiety for improved understanding of their electronic structure. The visible chromophore in the PAP enzyme has been associated with a tyrosinate to Fe III charge-transfer transition. 2, 4 Resonance Raman studies on PAP´s, using visible excitation, confirm the presence of tyrosinate ring modes. 26 In a previous work, 27 
Spectroscopic measurements
Raman spectra were obtained with a Renishaw Raman System 3000, using the 632.8 nm exciting line of a Helium-Neon laser (Spectra-Physics Model 127). The samples were finely ground and slightly pressed over glass slides. The spectral slit was set to 4 cm range of 50-100 mW. The spectral slit was set to 4 cm -1 . Raman excitation profiles (REP) were constructed by plotting relative Raman intensities versus exciting wavelength. These relative Raman intensities were computed from the ratio of peak heights to the 1050 cm -1 band of the internal standard.
In order to allow comparison between REP and optical spectra, these have been plotted together with the respective REP's. The optical spectra of the samples were obtained as diffuse reflectance spectra, using the integrating sphere attachment in the Perkin-Elmer Lambda-19. The samples were dispersed in MgO, which also served as reference.
Results and Discussion

Raman spectroscopy
The (2) , acquired near the resonance region in the Renishaw spectrometer, are displayed in Figure 3 .
Selected vibrational wavenumbers of the most prominent bands were picked up from the Raman spectra and presented in Table 1 , that also contains a tentative assignment based on previous works on related systems.
27,31
Resonance Raman spectroscopy Raman excitation profiles were constructed for the most prominent bands of compounds 1 and 2, indicated in Figures 4 and 5 28 From the diffuse reflectance spectra, it is possible to observe that the REP is red-shifted relative to the optical spectrum for compound 1, a behavior already noticed for this kind of substance (see 27 and references therein). The solid state optical spectra of compound 2 (λ max = ca. 650 nm) also correlates well with that reported by de Brito 32 in CH 3 CN solution (λ max = 618 nm), and there is no significant shift for the most enhanced vibrational modes.
The general pattern of the spectra is very similar to that exhibited by the bovine spleen purple acid phosphatase, as reported by Averill et al., 26 what is a strong evidence of the similarity between the iron coordination environment in the complexes and the phosphatase active center. The enhanced bands can be assigned to the The comparison between the two Raman excitation profiles allows drawing the following conclusions.The ν(CO phen_terminal ) mode is much more intensified in compound 2 than in 1. As pointed out previously by Paes et al., 31 the terminal phenolate oxygen bears a high electronic density in this kind of compound containing two phenolate rings. In compound 2, the presence of two Fe III atoms would imply in electronic states having altered charge distribution, compared to compound 1. See, for instance, the case of the electronic ground state, which presents an expressive figure for the Δν = |ν(C-O phen_terminal ) (1) -ν(C-O phen_terminal ) (2)| = 14 cm -1 . This change in the charge distribution would also result in an increased dissimilarity between the fundamental and the excited electronic states, as the LUMO would then have the contribution from the two Fe III atoms (since the bridge couples electronically the two Fe III atoms). The net effect is to increase the transition dipole moment, thus leading to an enhanced tyrosinate-to-Fe III CT transition (as more charge will be displaced), which increases the molar absorptivity (ε) and thus the RR enhancement, as observed for compound 2. The effective electronic coupling provided by the Fe-O-Fe bridge was reported in a previous work. 27 However, this should not be confused with the weak antiferromagnetic coupling exhibited by the phenoxo bridges, which is caused by the low electronic density on the oxygen bridge. 31 Data for other iron complexes with phenolate ligands 33 show that tyrosinate-to-Fe III CT transition molar absorptivities are much higher than the phenolate(bridge)-to-Fe III analogs. As the RR intensification is proportional to the squared molar absorptivities, most of the RR enhanced bands of compounds 1 and 2 can be safely assigned to terminal phenolates. In the low-frequency region, the bands at 300-335 cm -1 range are tentatively assigned to ν(Fe-O phen_bridge ), although the correct normal mode description would be a kind of chelate ring breathing, as proposed previously. 27 The much smaller intensification observed for these low-frequency bands indicates that the O phen_bridge -to-Fe III CT transition is very weak, compared to the stronger tyrosinate-to-Fe III CT transition in the electronic spectra, which overlays the weaker one. This also reflects in the Raman spectra of 2, as the shoulder at 1243 cm -1 (assigned to ν(CO) phen_bridge ) is much less intense than the band at 1276 cm -1 , assigned to ν(CO) phen_terminal . It is interesting to observe that no counterpart for this shoulder at 1243 cm -1 could be safely assigned in the Raman spectrum of compound 1, since in this compound there is only one vicinal Fe III to enhance the O phen_bridge -to-Fe III CT transition.
In compound 1, an outstanding fact is that the most enhanced band in the REP is the one at 608 cm -1 , assigned to the terminal ν(Fe-O phen_terminal ) mode, whose frequency is in the region reported for other ironphenolate complexes. 34 This assignment also corrects that of a previous work, 29 since it would not be expected that an asymmetric mode such as the ν AS (Fe-O phen_bridge -Fe) would present such a high RR enhancement, at least for a Raman intensification mechanism based on the A-term Albrecht formalism. 3 The new proposed values for the ν AS (Fe-O phen_bridge -Fe) (798 and 795 cm -1 for complexes 1 and 2, respectively) are consistent with the relative low RR enhancement exhibited by these bands (the 798 cm -1 band is not represented in the REP due to its low intensity). The assignment for the ν(Fe-O phen_terminal ) (608 cm -1 ) and the 6b ring mode (628 cm -1 ) is also based on the higher Raman intensification showed by the former one, since the molecular orbitals of the (Fe-O phen_terminal ) chemical bond should participate more effectively in the chromophoric group. The ring mode 6b is weakly coupled to the ν(Fe-O phen_terminal ); therefore, it should exhibit only a slight enhancement. This weak enhancement of the ring mode is a behavior already noticed for the compound "cis-cis"-[Fe 2 (bbpnol) 2 ]. 29 However, for compound 2, the Raman intensification pattern is just reversed (see the respective REP), viz., the band at 612 cm -1 is less intensified than the one at 636 cm -1 (see Figure 5 ). This finding suggests per se that the vibrational assignment of this doublet should also be reversed, as shown in Table 1 , that is, the band at lower wavenumber is now assigned to the . Also, this change in the iron oxidation state is expected to increase the wavenumber of the ν(Fe-O phen_terminal ) mode in compound 2 due to the charge redistribution that reinforces the Fe-O phen_terminal bonding by populating bonding orbitals. The charge probably came from the ring orbitals, since the 6b ring mode vibrational wavenumber decreases in compound 2 (as well as the other ring modes, in a general way). The fact that the change in oxidation state of the iron atom on the other side of the Fe-O-Fe bridge (coordinated to the pyridine ligands) disturbs the iron atom coordinated to the terminal phenolate just confirms the high degree of electronic delocalization on the bridge, also favored by the trans disposition of the terminal phenolate.
Conclusions
The change in the oxidation state in a mixed valence bridged core affects the fundamental state as revealed by the shifting of the vibrational wavenumbers. This change also reflects in the electronic excited state as evidenced by the comparison between the REP's of compounds 1 and 2. The phenolate bridge is able to transmit charge density between the two iron centers. Complexes 1 and 2 can be considered good models for the resonance Raman properties of PAP's in their reduced and oxidized forms, respectively.
